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Abstract 
 
In this study, four pyrolysis biochars (B1:wood, B2: paper-sludge, B3: sewage-sludge, B5: chips-wood certified) and 
one kiln-biochar (B4: grapevine wood) were characterized by determining different chemical and physical properties 
such as, elemental composition (C, H, N,O), pH, ash content, water holding capacity (WHC), specific surface area, as 
well as a suite of analytical techniques which included field emission scanning electron microscopy (FESEM-EDS), 
Fourier-transform infrared spectroscopy (FT-IR) and 13C solid-state nuclear magnetic resonance (NMR) 
spectroscopy. Those biochar characteristics were related to the soil properties, germination rates and to the plant 
biomass production during a field experiment of 7 months in which a calcareous Cambisol from SW Spain was 
amended with 0, 10 and 100 t ha-1 of the 5 biochars (n=6). Elemental and spectroscopy analyses suggested a generally 
high aromaticity for all the biochars. For the wood-derived biochars (B1, B4 and B5), IR and NMR spectra showed 
differences in specific functional groups present at biochars (for instance presence of lignin structures, carboxylic 
groups, etc.). Structural and compositional differences evidenced on the surface of biochars by FESEM-EDS were 
helpful in explaining their diverse physical characteristics. 
The field experiment unveiled that all biochar amendment increased not only the aromaticity of the soil organic 
matter (SOM) but also the germination rate and plant production. 
 
Introduction 
Considering the increasing amount of organic 
agricultural and urban wastes, there is an urgent need 
for finding a sustainable strategy which allows 
managing and reducing these kinds of residues. In this 
sense, biochar has been proposed as a novel tool to 
achieve this goal at the same time that provides other 
agricultural and environmental benefits. Biochars 
contain large amounts of carbon. Thus, when applied 
to land, they have the potential to significantly, 
increase soil organic matter (SOM) contents, which is 
in critical decline in many regions of the world. 
Specifically, biochar may offer a new strategy for 
restoring carbon to depleted soils and since biochar is 
considered to be more stable than SOM concomitantly 
sequestering significant amounts of CO2. The latter is 
in accordance with the European´s commitment to 
lower its GHG emissions to 20% below their 1990 
level by the year 2020. Concerning agriculture, 
researches have pointed to biochar as a new ecological 
amendment which may enhance soil quality and plant 
growth [1]. However, the effectiveness of biochar in 
enhancing plant fertility is not only a function of soil 
type, climate, and type of crop [2] but also of the 
biochar properties. The inherent chemical variability 
of biochars due to different feedstock and production 
conditions implies a high variability of their effect on 
soil properties. In addition it has to be taken into 
account that biochar application is irreversible and 
potential alterations of the SOM are expected to last 
on a long term scale. In order to avoid unwanted 
negative impacts, a good knowledge of the properties 
of the applied biochars together with their effect on 
soil functionality is needed. Therefore we studied five 
biochars produced from different feedstock are related 
their chemical and physical properties to alterations of 
the soil organic matter and their potential to increase 
the fertility of a Cambisol from SW Andalusia, Spain. 
 
Experimental 
 
The used biochars were produced from wood (B1), 
paper-sludge (B2), sewage sludge (B3) chip woods 
(B4) and grapevine wood (B5). They were provided 
by the COST action TD1107 and the companies 
“Swiss Biochar” and “Bodegas Torres”. 
They were were characterized for their elemental 
composition (C, H, N, O), pH, ash content, water 
holding capacity (WHC) and specific surface area 
(SSA-N2). For a more detailed analysis, a suite of 
analytical techniques such as Fourier-transform 
infrared spectroscopy (FT-IR), 13C solid-state nuclear 
magnetic resonance (NMR) spectroscopy and field 
emission scanning electron microscopy (FE-SEM) was 
used. 
17th-IHSS Conference                                                                September 1-5, 2014  Ioannina, Greece  
Those biochar characteristics were related to the 
germination rates and to the plant biomass production 
of Helianthus annuus planted during field experiment . 
This experiment started in February 2014 and is 
performed on a calcic Cambisol (WRB 2007)[3] 
located at the experimental station “La Hampa” of the 
Instituto de Recursos Naturales y Agrobiología de 
Sevilla. About 10 and 100 t ha-1 of the five biochars 
were amended. Soil properties, SOM composition of 
the top 5 cm and soil microbial biomass were analysed 
during the growing time. After 6 months of growth, 
above-ground biomass will be harvested. Plant height, 
chlorophyll content and sunflower seeds production 
will be recorded and weights of fresh biomass and 
harvested seeds will be determined.  
 
Results and Discussion 
 
 
Figure 1. Image of the field experiment with biochar 
amended soils and representative sunflowers for 100 t ha-1 of 
biochar amendment after 81 days of growth. 
 
Biochar 1, 2, 4 and 5 showed comparable elemental 
composition (C, H, N)  high pH (10.3-10.4), and WHC 
values (178-266%). In contrast, B3 showed a low pH 
(6.7) and WHC (27% as well as a low C (18%), but a 
hight N (2%) content. 
The solid-state NMR spectra confirmed high 
aromaticity which was already suggested by the H/C 
and O/C atomic ratios suggested a generally high 
aromaticity for all the biochars. Although B1 could not 
be analyzed by NMR spectroscopy due to its strong 
reflection of the emission signal, most tentatively 
caused by its graphite-like structure  its high 
aromaticity was confirmed by FT-IR spectroscopy. 
For the wood-derived biochars (B1 and B4), this 
technique resulted in typical signals assignable to 
lignin. The FESEM-EDS distinguished not only 
compositional but structural differences of the studied 
biochars. Macropores were evidenced on the surface 
of B1 (wood biochar), collapsed structures in B2 
(paper sludge), high amount of mineral deposits (rich 
in Al, Si, Ca and Fe) and organic phases in B3(sewage 
sludge) and vessel structures for B4 (vineyard wood). 
 
First results of the ongoing field experiment 
showed an increase of the aromaticity of the SOM in 
the topsoil of biochar amended soils. However, 
addition of biochar did not alter negatively the (pH 
and the EC of this alkaline soil but caused an 
improvement of the WHC, water retention and soil 
porosity. Those changes are most tentatively 
responsible for the observed faster germination and 
augmented growth of the plants (Figure 1).  
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